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(54) VARIABLE POWER OPTICAL SYSTEM HAVING VIBRATION-PROOF 
FUNCTION AND OPTICAL EQUIPMENT USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a variable power optical system having a 
vibration-proof function and obtaining a still picture by optically correcting the blur of 
a photographic image caused when the variable power optical system is vibratedand 
to obtain optical equipment using the same. 

SOLUTION: This variable power optical system is provided with a 1st lens group 
having positive refractive powera 2nd lens group having negative refractive powera 
3rd lens group having positive refractive powera 4th lens group having negative 
refractive powerand a 5th lens group having positive refractive power in order from an 
object side. Variable power is performed by moving the 2nd lens groupthe 4th lens 
group and the 5th lens groupand the blur of the photographic image caused when the 
variable power optical system is vibrated is corrected by moving the entire 3rd lens 
group in a perpendicular direction to an optical axisthen the maximum moving amount 
M5 of the 5th lens group to an infinity object at the time of the variable power and 
the focal distances (fw) and (ft) at the wide-angle end and the telephoto end of an 
entire system are respectively appropriately set. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st lens group of refracting power more positive than the object side to 
orderthe 2nd lens group of negative refracting powerlt is a variable power optical 



system with the 3rd lens group of positive refracting powerthe 4th lens group of 
negative refracting powerand the 5th lens group of positive refracting powerMove this 
2nd lens groupthe 4th lens groupand the 5th lens groupand variable power is 
performedBlur of a taken image when this 3rd whole lens group is moved to an optic 
axis and a perpendicular direction and this variable power optical system vibrates is 
amendedA variable power optical system with a vibration proof function satisfying 
conditions which become 0.1<M5-/fw<0.44<ft/fw<23 when a focal distance [ in / for 
the maximum movement magnitude at the time of variable power of this 5th lens 
group to an infinite distance object / a wide angle end and a tele edge of M5 and the 
whole system ] is respectively set to fw and ft. 

[Claim 2]A variable power optical system with a vibration proof function of claim 

1 wherein said 1st lens group is immobilization in the case of variable power and a 
focus. 

[Claim 3]A variable power optical system with a vibration proof function of claim 1 or 

2 focusing by moving said 5th lens group. 

[Claim 4]A variable power optical system with a vibration proof function of claim 1 or 
2 focusing by moving said 4th lens group. 

[Claim 5]In a tele edgeA variable power optical system with a vibration proof function 
of claim 1 or 2 satisfying a conditional expression which becomes 0.3<|(1-beta3) - 
beta45|<3 when magnification of a composite group of beta 3the 4th lens groupand 
the 5th lens group is set to beta 45 for magnification of said 3rd lens group when 
carrying out the focus to an infinite distance object. 

[Claim 6]A variable power optical system with a vibration proof function of claim 1 or 
2wherein said 3rd lens group has at least one negative lens. 

[Claim 7]A variable power optical system with a vibration proof function of claim 1 or 
2 satisfying conditions which become 1 .6<f3-/fw<4.0 when a focal distance of said 3rd 
lens group is set to f3. 

[Claim 8]A variable power optical system with a vibration proof function of claim 1 or 
2wherein said 3rd lens group has two positive lenses and one negative lens. 
[Claim 9]In EM and a tele edge in a tele edgethe vertical maximum movement 
magnitude to an optic axis of said 3rd lens group for amending blur of a taken 
imageWhen magnification of a composite group of beta 3the 4th lens groupand the 5th 
lens group is set to beta 45 for magnification of said 3rd lens group when carrying out 
the focus to an infinite distance object. A variable power optical system with a 
vibration proof function of claim 1 or 2 satisfying a conditional expression which 
becomes 1.7x10 - 3 <|(1-beta3) -beta45| and EM/ft<0.05. 

[Claim 10]The 1st lens group of refracting power more positive than the object side 
to orderthe 2nd lens group of negative refracting powerlt is a variable power optical 
system with the 3rd lens group of positive refracting powerthe 4th lens group of 
negative refracting powerand the 5th lens group of positive refracting powerMove this 
2nd lens groupthe 4th lens groupand the 5th lens groupand variable power is 



performedBlur of a taken image when this 3rd whole lens group is moved to an optic 
axis and a perpendicular direction and this variable power optical system vibrates is 
amendedRespectively in fwftand a tele edge a focal distance [ in / for the maximum 
movement magnitude at the time of variable power of this 5th lens group to an infinite 
distance object / a wide angle end and a tele edge of M5 and the whole system ]In f3 
and a tele edge a focal distance of beta 45 and said 3rd lens group for magnification 
of a composite group of beta 3the 4th lens groupand the 5th lens group[ magnification 
of said 3rd lens group when carrying out the focus to an infinite distance object ] 
When the vertical maximum movement magnitude is made with EM an optic axis of 
said 3rd lens group for amending blur of a taken image. 0.1 — < — M5- 
/fw<0.44<ft/fw — < — 230.3<|(1-beta3) -beta45|<31 .6 — < — f3/fw<4.01.7x10 ~ 3 <| 
(1-beta3)beta45|and EM/ft<0.05 — a variable power optical system with a vibration 
proof function satisfying a conditional expression. 

[Claim 1 1]In order said 2nd lens group from the object side to the object side a 
convex. Claim 1 having the negative lens 21 of the shape of turned meniscusthe 
negative lens 22 which turned a concave surface to the object sidethe positive lens 
23 which turned a convex to the object sideand the negative lens 24 which turned a 
concave surface to the image surface sideor a variable power optical system with a 
vibration proof function of 10. 

[Claim 12]A variable power optical system with a vibration proof function of claim 1 1 
satisfying a conditional expression which becomes 1 .4<|f24-/f2|<4.6 when a focal 
distance of f24 and said 2nd lens group is set to f2 for a focal distance of said 
negative lens 24. 

[Claim 1 3]When setting respectively a focal distance of the whole system [ in / for a 
focal distance of said 2nd lens group / f2a wide angle endand a tele edge ] to fw and 
ft [Equation 1] 

Claim 1 satisfying the becoming conditional expression or a variable power optical 
system with the vibration proof function of 10. 

[Claim 14]An optical instrument having a variable power optical system with a 
vibration proof function of any 1 paragraph of claims 1-12. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]In this inventionsome especially lens groups of a variable power 
optical system are moved to an optic axis and a perpendicular direction about the 
optical instrument using a variable power optical system and it with a vibration proof 



function. 

Thereforeit is suitable for a video cameraa camera for film photosan electronic "still" 
cameraa digital cameraetc. which amended optically blur of a taken image when this 
variable power optical system vibrates (tilting)obtained the still pictureand attained 
stabilization of the taken image. 

[0002] 

[Description of the Prior Art]If vibration generally gets across to a photographing 
system and it becomes a shaking handblur will arise in a taken image. The vibration- 
proof optical system with the function to prevent blur of a taken image conventionally 
is proposed variously. 

[0003]For examplein JP56-21 1 33Astabilization of the picture is attained by moving an 
optical apparatus in the direction which offsets oscillating displacement of the picture 
according some optical members to vibration according to the output signal from a 
detection means to detect a vibrational state. 

[0004]In JP61 -22381 9Ain the photographing system which has arranged the variable 
vertex angle prism to the object side mostit is made to correspond to vibration of a 
photographing systemthe vertical angle of this variable vertex angle prism is 
changedand stabilization of the picture is attained. 

[0005]In JP1-1 16619A or JP2-1 24521 Avibration of the photographing system was 
detected using the acceleration sensor etc.and the still picture has been obtained 
according to the signal acquired at this time by vibrating some lens groups of a 
photographing system to an optic axis and a perpendicular direction. 
[0006]In JP7-128619Ait is making vibration-proof by constituting the 3rd lens group 
from two lens groups of positive and negative refracting power in the variable power 
optical system of positivenegativeand 4 group composition that comprises the lens 
group of positive and positive refracting powerand vibrating the lens group of positive 
refracting power. 

[0007]In JP7-199124Ait is making vibration-proof by vibrating the 3rd whole lens 
group in the variable power optical system of positivenegativeand 4 group composition 
that comprises the lens group of positive and positive refracting power. 
[0008]On the other handin JP8-5913Athe 2nd and 4th lens group performs variable 
power by the variable power optical system of 5 group composition which comprises 
the lens group of positivenegativepositiveand positive and negative refracting 
powerand reduction of the front ball diameter is attained. 

[0009]In JP10-197786Ait is making vibration-proof by moving the 4th group to an 
optic axis and a perpendicular direction in the variable power optical system of 5 
group composition which comprises the lens group of positivenegativepositiveand 
negative and positive refracting power. 
[0010] 

[Problem(s) to be Solved by the Invention]There was a problem that the moving 



mechanism for arranging a vibration-proof optical system ahead of a photographing 
system generallyvibrating some operation lens groups of this vibration-proof optical 
systemlosing blur of a taken imageand the whole device enlarging the method of 
obtaining a still pictureand moving this operation lens group was complicated. 
[001 1 Especially in the optical system which makes vibration-proof using a variable 
vertex angle prismthere was a problem that the yield of the eccentric chromatic 
aberration of magnification increased in the long focus distance side at the time of 
vibration proof. Although there is an advantage of not needing an excessive optical 
system specially because of vibration proofin the optical system which makes 
vibration-proof by on the other hand making the parallel eccentricity of some lenses 
of a photographing system carry out perpendicularly to an optic axisThe space for the 
lens to which it is made to move was neededand there was a problem that the yield of 
the decentration aberration at the time of vibration proof increased. 
[0012]When it made vibration-proof by making an optic axis move the 3rd whole lens 
group perpendicularly in the variable power optical system of positivenegativeand 4 
group composition that comprises the lens group of positive and positive refracting 
powerin order to secure the amount of ambient light at the time of vibration 
proofthere was a problem that a front ball diameter increased. 

[0013]Generallyit is necessary to amend more the aberration variation in the case of 
vibration proof to the high-definition electronic "still" camera of 1 million pixels at 
fitness using a variable power optical system with a vibration proof function. 
[0014]This invention moves the comparatively small lightweight lens group which 
constitutes a part of variable power optical system to an optic axis and a 
perpendicular directionBy making suitable composition of the lens group for 
constituting so that blur of a picture when this variable power optical system vibrates 
(tilting) may be amendedand amending blurThe video camera which amended the 
decentration aberration when carrying out eccentricity of this lens groupattaining 
miniaturization of the whole devicesimplification on a mechanismand reduction of the 
load of a driving means goodlt aims at offer of the optical instrument using a variable 
power optical system and it with the suitable vibration proof function for a digital 
cameraan electronic "still" cameraetc. 
[0015] 

[Means for Solving the Problem]A variable power optical system with a vibration proof 
function of an invention of claim 1The 1st lens group of refracting power more 
positive than the object side to orderthe 2nd lens group of negative refracting powerlt 
is a variable power optical system with the 3rd lens group of positive refracting 
powerthe 4th lens group of negative refracting powerand the 5th lens group of 
positive refracting powerMove this 2nd lens groupthe 4th lens groupand the 5th lens 
groupand variable power is performedBlur of a taken image when this 3rd whole lens 
group is moved to an optic axis and a perpendicular direction and this variable power 
optical system vibrates is amendedWhen a focal distance [ in / for the maximum 



movement magnitude at the time of variable power of this 5th lens group to an infinite 
distance object / a wide angle end and a tele edge of M5 and the whole system ] is 

respectively set to fw and ftit is 0.1<M5-/fw<0.4 (1) 

4<ft/fw<23 (2) 

It is characterized by satisfying becoming conditions. 
[0016]An invention of claim 2 is characterized by said 1st lens group being 
immobilization in the case of variable power and a focus in an invention of claim 1 . 
[0017]An invention of claim 3 is characterized by focusing by moving said 5th lens 
group in claim 1 or an invention of 2. 

[0018]An invention of claim 4 is characterized by focusing by moving said 4th lens 
group in claim 1 or an invention of 2. 

[0019]0.3<|(1-beta3) -beta45|<3 when an invention of claim 5 sets magnification of a 
composite group of beta 3the 4th lens groupand the 5th lens group to beta 45 for 
magnification of said 3rd lens group when carrying out the focus to an infinite 

distance object in a tele edge in claim 1 or an invention of 2 (3) 

It is characterized by satisfying a becoming conditional expression. 

[0020]An invention of claim 6 is characterized by said 3rd lens group having at least 

one negative lens in claim 1 or an invention of 2. 

[0021]An invention of claim 7 is 1 .6<f3-/fw<4.0when a focal distance of said 3rd lens 

group is set to f3 in claim 1 or an invention of 2 (4) 

It is characterized by satisfying becoming conditions. 

[0022]An invention of claim 8 is characterized by said 3rd lens group having two 
positive lenses and one negative lens in claim 1 or an invention of 2. 
[0023]On claim 1 or an invention of 2and in a tele edge in an invention of claim 9In 
EM and a tele edge the vertical maximum movement magnitude to an optic axis of 
said 3rd lens group for amending blur of a taken image1.7x10~ 3 <|(1-beta3) - 
beta45|andEM/ft<0.05 when magnification of a composite group of beta 3the 4th lens 
groupand the 5th lens group is set to beta 45 for magnification of said 3rd lens group 

when carrying out the focus to an infinite distance object (5) 

It is characterized by satisfying a becoming conditional expression. 
[0024]A variable power optical system with a vibration proof function of an invention 
of claim 10The 1st lens group of refracting power more positive than the object side 
to orderthe 2nd lens group of negative refracting powerlt is a variable power optical 
system with the 3rd lens group of positive refracting powerthe 4th lens group of 
negative refracting powerand the 5th lens group of positive refracting powerMove this 
2nd lens groupthe 4th lens groupand the 5th lens groupand variable power is 
performedBlur of a taken image when this 3rd whole lens group is moved to an optic 
axis and a perpendicular direction and this variable power optical system vibrates is 
amendedRespectively in fwftand a tele edge a focal distance [ in / for the maximum 
movement magnitude at the time of variable power of this 5th lens group to an infinite 
distance object / a wide angle end and a tele edge of M5 and the whole system ]In f3 



and a tele edge a focal distance of beta 45 and said 3rd lens group for magnification 
of a composite group of beta 3the 4th lens groupand the 5th lens group[ magnification 
of said 3rd lens group when carrying out the focus to an infinite distance object ] 
When the vertical maximum movement magnitude is made with EM an optic axis of 

said 3rd lens group for amending blur of a taken imageit is 0.1<M5-/fw<0.4 (1) 

4<ft/fw<23 (2) 

0.3<|(1-beta3) -beta45|<3 (3) 

1.6<f3-/fw<4.0 (4) 

1.7x1(r 3 <|(1-beta3) -beta45|andEM/ft<0.05 (5) 

It is characterized by satisfying a becoming conditional expression. 
[0025]In an invention of claim 10 an invention of claim 11 Said 2nd lens group is 
characterized by having the negative lens 21 of the shape of meniscus which turned a 
convex to the object side in order from the object sidethe negative lens 22 which 
turned a concave surface to the object sidethe positive lens 23 which turned a 
convex to the object sideand the negative lens 24 which turned a concave surface to 
the image surface side. 

[0026]An invention of claim 12 is 1 .4<|f24/f2|<4.6when a focal distance of f24 and said 
2nd lens group is set to f2 for a focal distance of said negative lens 24 in an invention 
of claim 11 (6) 

It is characterized by satisfying a becoming conditional expression. 

[0027]When an invention of claim 1 3 sets respectively a focal distance of the whole 

system [ in / for a focal distance of said 2nd lens group / f2a wide angle endand a 

tele edge ] to fw and ft in claim 1 or an invention of 10 [0028] 

[Equation 2] 

[0029]It is characterized by satisfying the becoming conditional expression. 
[0030]The optical instrument of the invention of claim 14 is characterized by having a 
variable power optical system with the vibration proof function of any 1 paragraph of 
claims 1-13. 
[0031] 

[Embodiment of the Invention] Drawing 1 is a schematic diagram showing the paraxial 
refractive power arrangement of a variable power optical system (zoom lens) with the 
vibration proof function of this invention. 

[0032]In drawing 1 L1 is the 1 st lens group of positive refracting powerthe 2nd lens 
group of refracting power negative in L2the 3rd lens group of refracting power 
positive in L3the 4th lens group of refracting power negative in L4and the 5th lens 
group of refracting power positive in L5. 

[0033]In this embodimentblur of a taken image when the whole optical system (zoom 
lens) vibrates (tilting) is amended by making an optic axis move the 3rd lens group L3 
perpendicularly. 



[0034]SP is an aperture diaphragm and is located ahead of the 3rd lens group L3. IP 
is the image surface and a photo conductorCCDa filmetc. are arranged. 
[0035]In this embodimenton the occasion of the variable power from a wide angle end 
to a tele edgethe 2nd lens group is moved to the image surface side like an arrowand 
by a convex locusthe 4th lens group is moved to the image surface sidethe 5th lens 
group was moved to the object side by the convex locusand change of variable power 
and the image surface accompanying it is amended. 

[0036]The rear focus type which moves the 5th lens group on an optic axisand 
performs focusing is adopted. The curve 5a of the solid line of the 5th lens group and 
the curve 5b of a dotted line which are shown in the figure show the moving track for 
amending the image surface fluctuation at the time of following on the variable power 
from a wide angle end when carrying out the focus to the infinite distance object and 
the short distance object respectively to a tele edge. 

[0037]The 1st lens group and the 3rd lens group are immobilization in the case of 
variable power and a focus. 

[0038]In this embodimentmove the 5th lens groupand the image surface fluctuation 
accompanying variable power is amendedand the 5th lens group is moved and it is 
made to perform a focus. It is made to move so that it may have a convex locus to 
the object side on the occasion of the variable power from a wide angle end to a tele 
edgeas shown especially in the curves 5a and 5b of the figure. 

[0039]This aimed at effective use of the space of the 4th lens group and the 5th lens 
groupand shortening of whole length of the lens is attained effectively. 
[0040]It is carrying out by moving the 5th lens group aheadas it shows in the figure 
straight line 5cin performing short distance object HEFOKASU from an infinite 
distance object in a tele edge in this embodiment. 

[0041]According to this embodimentcompared with the case where only two lens 
groups are moved by moving three lens groups on the occasion of variable powerthe 
image surface fluctuation accompanying variable power is amended more effectively. 
[0042]Especially as the 1st inventionthe focal distance fw of the maximum movement 
magnitude M5 of the 5th lens groupthe wide angle end in the whole systemand a tele 
edgeand ft on the occasion of variable power A conditional expression (1)He is trying 
for an aberration variation when setting up as shown in (2)performing effectively 
amendment of the image surface fluctuation accompanying variable power by 
thisattaining the miniaturization of the whole optical system and making vibration- 
proof by the 3rd lens group to decrease. 

[0043]The correction effects of the image surface fluctuation by the 5th lens group 
movingif the movement magnitude of the 5th lens group in variable power becomes 
small exceeding the lower limit of a conditional expression (1) 
decreaseConverselysince the front ball diameter determined by the circumference 
image height of zoom middle will become large if the movement magnitude of the 5th 
lens group becomes large too much exceeding upper limitit is not good. 



[0044]If the lower limit of a conditional expression (2) is exceededa predetermined 
zoom ratio will no longer be obtained easilyand if upper limit is exceededthe aberration 
compensation accompanying variable power will become difficult. 
[0045]He is trying to be satisfied with the composition of the 1st invention of the 
conditional expression (3)(4)and (5) mentioned further later as the 2nd invention. 
[0046]The 1st invention and the 2nd invention are named generically and it is called 
the following "this invention." 

[0047]Image blur when the whole optical system vibrates by moving the 3rd lens 
group L3 to an optic axis and a perpendicular direction by the basis of a 
predetermined conditional expression in the variable power optical system which 
comprises five lens groups of composition of having mentioned above in this invention 
as mentioned above for vibration prooflessening generating of a decentration 
aberration. It has amended good. 

[0048]Picture Bure is amended goodattaining simplification of composition without 
this newly adding optical memberssuch as a variable vertex angle prismand the lens 
group for vibration proof. 

[0049]Nextthe optical principle of the vibration-proof system which moves the lens 
group L3 to an optic axis and a perpendicular direction in the variable power optical 
system concerning this inventionand amends blur of a taken image is explained using 
drawing 2 . 

[0050]As shown in drawing 2 (A)the optical system consists of three portionsthe fixed 
group Y1the eccentric group Y2and the fixed group Y3and it is assumed that the 
object point P on the optic axis which is fully separated from a lens is carrying out 
image formation to the center of imaging surface IP as the image point p. 
[0051 ]Supposing the whole optical system including imaging surface IP inclines 
momentarily by blurring like drawing 2 (B) nowthe object point P will move to image 
point p' momentarily tooand will serve as a blurred picture. 

[0052]On the other handwhen the eccentric group Y2 is moved to an optic axis and a 
perpendicular directionlike drawing 2 (Qthe image point p moves to p" and its 
movement magnitude and direction are expressed as eccentric sensitivity of the lens 
group depending on refractive power arrangement. Thenhand shake 
correctioni.e.vibration proofis performed as shown in drawing 2 (D) by returning image 
point p' which shifted by the shaking hand in drawing 2 (B) to the image formation 
position p of a basis when only a suitable quantity moves the eccentric group Y2 to 
an optic axis and a perpendicular direction. 

[0053]In the movement magnitude of a shift lens group required nowin order to do 
theta** amendment of an optic axisif eccentric sensitivity of f and the shift group Y2 
is set to TSdelta will be given [ focal distance / of delta and the whole optical 
system ] by the following formulas. 

[0054]Delta=f-tan (theta) / now [ TS ]if eccentric sensitivity TS of a shift group is 
too largedelta will become a small valueand movement magnitude of a shift group 



required for vibration proof will be made smallbut the control for making vibration- 
proof appropriately will become difficult and the amendment remainder will arise. 
[0055]In a video camera or a digital still camerasince the image size of image 
sensorssuch as CCDis [ especially / silver halide film ] small and the focal distance to 
the same field angle is shortshift amount delta of the shift lens group for amending an 
identical angle becomes small. 

[0056]Thereforeif a mechanism's accuracy is comparablethe amendment remainder on 
a screen will become large relatively. 

[0057]On the other handif TS is too smallthe movement magnitude of a shift lens 
group required for control will become largeand the driving means of the actuator for 
driving a shift lens groupetc. will also become large. 

[0058]In this inventioneccentric sensitivity TS of the 3rd lens group was made into 
the proper value by setting the refractive power arrangement of each lens group as a 
suitable valueand the amendment remainder of vibration proof by a mechanism's 
control error has attained the optical system which is few and also has little load of 
the driving means of an actuator etc. 

[0059] Drawing 3 is a lens sectional view of the wide angle end of the numerical 
example 1 of a variable power optical system with the vibration proof function of this 
invention. Drawing 4drawing 5 and drawing 6 are a wide angle end of the numerical 
example 1 of a variable power optical system with the vibration proof function of this 
inventionmiddleand an aberration figure of a tele edge. 

[0060] Drawing 7 is a lens sectional view of the wide angle end of the numerical 
example 2 of a variable power optical system with the vibration proof function of this 
invention. Drawing 8drawing 9 and drawing 1 0 are a wide angle end of the numerical 
example 2 of a variable power optical system with the vibration proof function of this 
inventionmiddleand an aberration figure of a tele edge. 

[0061] Drawing 1 1 is a lens sectional view of the wide angle end of the numerical 
example 3 of a variable power optical system with the vibration proof function of this 
invention. Drawing 1 2drawing 1 3 and drawing 1 4 are a wide angle end of the numerical 
example 3 of a variable power optical system with the vibration proof function of this 
inventionmiddleand an aberration figure of a tele edge. 

[0062]Among the figureU is a diaphragm and the 1st group of positive refracting 
powerthe 2nd group of refracting power negative in L2the 3rd group of refracting 
power positive in L3the 4th group of refracting power negative in L4the 5th group of 
refracting power positive in L5and SP have provided it ahead of the 3rd group. IP is 
the image surface. G is glass blockssuch as a faceplate and a filter. 
[0063]The composition about variable powervibration proofand a focus is as the same 
as drawing 1 explained. Although the variable power optical system with the vibration 
proof function of this invention is realized by satisfying the above conditionsand also 
in order to attain good optical performanceaiming at shortening of whole length of the 
lensit is desirable to satisfy at least one of the following conditions. 



[0064](**-1) Said 1st lens group is immobilization in the case of variable power and a 
focus. 

[0065](**-2) It is focusing by moving said 5th lens group. 
[0066](**-3) It is focusing by moving said 4th lens group. 

[0067]It may be made to focus by the 4th lens group instead of focusing by the 5th 
lens group. According to thisa focussing lens is miniaturized and it becomes 
advantageous in respect of a focusing speed etc. 

[0068](**-4) Eccentric sensitivity TS3 of the 3rd lens group in a tele edge sets the 
magnification in the tele edge of this 3rd lens group to beta 3and when the 
magnification of composition of the 4th lens group and the 5th lens group is set to 
beta 45it is given by TS3=(1-beta3) -beta45. 

[0069]At this inventionit is this sensitivity 0.3<|(1-beta3) -beta45|<3 (3) 

It is good to satisfy the becoming conditional expression. 

[0070]If the lower limit of a conditional expression (3) is exceededthe sensitivity of 
the 3rd lens group will become small too muchand the movement magnitude of the 
3rd lens group required for vibration proof will become large too much. 
Converselysince it will become large to sensitivity too much and vibration-proof 
control will become difficult if the maximum of a conditional expression (3) is 
exceededit is not good. 

[0071](**-5) Said 3rd lens group is having at least one negative lens. It is good for 
reducing the decentration aberration generated at the time of vibration 
proofespecially eccentric magnification aberration to have at least one negative lens 
in the 3rd lens group of positive refracting powerand to reduce the chromatic 
aberration in the 3rd lens group. 

[0072](**-6) When the focal distance of said 3rd lens group is set to f3it is 1 .6<f3- 
/fw<4.0 (4) 

It is satisfying the becoming conditions. 

[0073]When the focal distance of the 3rd lens group becomes short exceeding the 
lower limit of a conditional expression (4)the eccentric sensitivity of the 3rd lens 
group becomes large too muchit is sufficientand it becomes impossible to amend the 
aberration variation at the time of vibration proof. Since whole length of the lens 
increasesand the eccentric sensitivity of the 3rd lens group will become small too 
much and the shift amount of the 3rd lens group required for vibration proof will 
become large if upper limit is exceededit is not good. 

[0074](**-7) Said 3rd lens group is having two positive lenses and one negative lens. 
[0075]In order to reduce the eccentric comatic aberration generated at the time of 
vibration proofit is good to reduce the spherical aberration generated in the 3rd lens 
group to a certain within the limitsand to constitute the 3rd lens group from at least 
two positive lenses and one negative lens. 

[0076]In this embodimentthe 3rd lens group was constituted from a lamination lens of 
the positive lens 31 the positive lens 32and the meniscus-like negative lens 33 to 



which the concave surface strong against the object side was turned sequentially 
from the object sideshortened the principal point interval of the 2nd lens group and 
the 3rd lens groupand has attained shortening of whole length of the lens. 
[0077](**-8) In EM and a tele edge the vertical maximum movement magnitude to the 
optic axis of said 3rd lens group for amending blur of a taken image in a tele 
edge1.7x10" 3 <|(1-beta3) -beta45|andEM/ft<0.05 when the magnification of the 
composite group of beta 3the 4th lens groupand the 5th lens group is set to beta 45 
for the magnification of said 3rd lens group when carrying out the focus to the infinite 
distance object (5) 

It is satisfying the becoming conditional expression. 

[0078]Since it is necessary to enlarge the effective diameter of the 3rd lens group so 
much and the burden of an actuator etc. will become large if the correction amount in 
the case of vibration proof by the 3rd lens group will be too smallsufficient vibration 
control effect will not be acquiredif the lower limit of a conditional expression (5) is 
exceededand upper limit is exceededit is not good. 

[0079](**-9) Said 2nd lens group is having the negative lens 21 of the shape of 
meniscus which turned the convex to the object side in order from the object sidethe 
negative lens 22 which turned the concave surface to the object sidethe negative 
lens 22 which turned the convex to the object sidethe positive lens 23 which turned 
the convex to the object sideand the negative lens 24 which turned the concave 
surface to the image surface side. 

[0080]The prosaic effect of a principal point is heightened by making small symmetry 
before and behind the 2nd lens group with constituting the 2nd lens group from this 
invention in this wayand the chromatic aberration of magnification is amended 
effectively. 

[0081](**-10) When the focal distance of f24 and said 2nd lens group is set to f2 for 

the focal distance of said negative lens 24it is 1 .4<|f24/f2|<4.6 (6) 

It is satisfying the becoming conditional expression. 

[0082]A conditional expression (6) is a thing for mainly amending the chromatic 
aberration of magnification effectively. If the focal distance of the negative lens 24 
becomes small too much exceeding the upper limit of a conditional expression (6)the 
correction effects of a chromatic aberration will become insufficient. Converselyif a 
lower limit is exceededamendment of the distortion aberration in a wide angle end will 
become difficult. 

[0083](**-1 1) When setting respectively the focal distance of the whole system [ in / 
for the focal distance of said 2nd lens group / f2a wide angle endand a tele edge ] to 
fw and ft [0084] 
[Equation 3] 



[0085]It is satisfying the becoming conditional expression. 



[0086]If refracting power of the 2nd lens group becomes strong exceeding a lower 
limit of a conditional expression (7)although it becomes smallsince the PETTSUVARU 
sum becomes large to a negative direction at the whole and amendment of a 
curvature of field becomes difficultmovement magnitude of the 2nd lens group at the 
time of variable power is not good. 

[0087]Converselysince movement magnitude at the time of variable power of the 2nd 
lens group will become largeand the whole lens system will not become small and it 
will become disadvantageous also about the amount change of ambient light at the 
time of vibration proof if upper limit of a conditional expression (7) is exceededit is 
not good. 

[0088](**-1 2) It is good to constitute the 4th lens group from one positive lens and 
one negative lens. According to thisit becomes easy to reduce change of a spherical 
aberration by the 4th lens group moving at the time of variable power or a curvature 
of field. 

[0089](**-13) It is good to introduce an aspheric surface into the 4th lens group 
because of amendment of change of astigmatism at the time of variable poweror 
distortion. 

[0090](**-14) In an optical system which needs high resolving power like a lens for 
digital still camerasit is required to compare the chromatic aberration of magnification 
accompanying variable power with the usual lens for video camerasand to amend it. 
[0091] For that purposeas for the 2nd lens groupit is desirable to have at least three 
negative lenses and one positive lens. 

[0092]If a negative lens tends to enlarge refracting power of the 2nd lens group and 
tends to make movement magnitude small only by two sheets for overall-length 
shorteningamendment of the chromatic aberration of magnification will become 
difficult. 

[0093](**-1 5) In a variable power optical system of this inventionin order to attain 
light volume change reduction at the time of vibration proofit is good to make it 
increase the amount of ambient light relatively with extracting at the time of variable 
powerbeing a looking-far sidemaking an opening diameter smalland restricting a center 
beam. 

[0094]Nextan embodiment of a video camera (optical instrument) using a variable 
power optical system with a vibration proof function of this invention as a 
photographing optical system is described using drawing 1 5 . 
[0095]A photographing optical system which 10 was constituted by video camera 
body and 1 1 comprised with a zoom lens of this invention in drawing 15 Image 
sensorssuch as CCD in which 1 2 receives an object image according to the 
photographing optical system 11a recording device on which 13 records an object 
image which the image sensor 12 receivedand 14 are the finders for observing an 
object image displayed on an unillustrated display device. 

[0096]The above-mentioned display device is constituted by liquid crystal panel 



etc.and an object image formed on the image sensor 12 is displayed. 15 is a liquid 
crystal display element panel which has a function equivalent to said finder. 
[0097]Thusby applying a variable power optical system of this invention to optical 
instrumentssuch as a video cameraan optical instrument which has small and high 
optical performance is realized. 

[0098]Nexta numerical example of this invention is shown, in a numerical example — 
Ri — the object side — order — it is a curvature radius of the i-th fieldandas for 
Dithe i-th optical member thickness and air spacingnickeland nui are a refractive 
index and an Abbe number of construction material of the i-th optical member in 
order from the each object side in the object side. The above-mentioned monograph 
affair type and a relation of a numerical example are shown in table-1 . 
[0099]When aspherical surface shape makes positive a direction of movement of H 
axis and light to the X-axisan optic axisand a perpendicular direction at an optical axis 
direction and a paraxial curvature radiusABCDand E are respectively made into an 
aspheric surface coefficient for R [0100] 
[Equation 4] 



[01 01]It expresses with the becoming formula. 
[0102] 

[External Character 1] 



[0103] 

[External Character 2] 



[0104] 

[External Character 3] 



[0105] 
[Table 1] 



[0106] 

[Effect of the Invention]By moving the comparatively small lightweight lens group 
which constitutes a part of variable power optical system to an optic axis and a 
perpendicular direction as mentioned above according to this inventionand 
constituting so that blur of a picture when this variable power optical system vibrates 
(tilting) may be amendedA decentration aberration yield when [ of this lens group ] 



carrying out eccentricity can be stopped fewaiming at miniaturization of the whole 
devicesimplification on a mechanismand mitigation of the load of a driving meansand a 
variable power optical system with the vibration proof function which amended the 
decentration aberration goodand the variable power optical system using it can be 
attained. 

[0107]In additionin this inventiona variable power optical system with the vibration 
proof function which can respond also to the electronic "still" camera which has still 
higher optical performance conventionally as compared with the lens for video 
camerasand has a pixel of 1 million pixels or more is realizablehaving an about ten- 
variable power ratio big variable power ratio. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram of the paraxial refractive power arrangement of 
the variable power optical system in the 1st invention 

[Drawing 2] The explanatory view of the optical principle of the vibration-proof system 
in this invention 

[Drawing 3] The lens sectional view of the wide angle end of the numerical example 1 
of the 1 st invention 

[Drawing 4] The aberration figure of the wide angle end of the numerical example 1 of 
this invention 

[Drawing 5] The middle aberration figure of the numerical example 1 of this invention 
[Drawing 6] The aberration figure of the tele edge of the numerical example 1 of this 
invention 

[Drawing 7] The lens sectional view of the wide angle end of the numerical example 2 
of the 1 st invention 

[Drawing 8] The aberration figure of the wide angle end of the numerical example 2 of 
this invention 

[Drawing 9] The middle aberration figure of the numerical example 2 of this invention 
[Drawing 10] The aberration figure of the tele edge of the numerical example 2 of this 
invention 

[Drawing 11] The lens sectional view of the wide angle end of the numerical example 3 
of the 1st invention 

[Drawing 12] The aberration figure of the wide angle end of the numerical example 3 of 
this invention 

[Drawing 13] The middle aberration figure of the numerical example 3 of this invention 
[Drawing 14] The aberration figure of the tele edge of the numerical example 3 of this 
invention 

[Drawing 1 5] The important section schematic diagram of the optical instrument using 



a variable power optical system with the vibration proof function of this invention 

[Description of Notations] 

L1 The 1 st lens group 

L2 The 2nd lens group 

L3 The 3rd lens group 

L4 The 4th lens group 

L5 The 5th lens group 

d d line 

g g line 

deltaM meridional image surface 
deltaS sagittal image surface 
SP Diaphragm 
IP Image surface 
G Glass block 
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